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Abstract 



In this work, starting by simple, approximate (quasi-classical) methods presented in 
' our previous works, we suggest a simple determination of the (logarithmic) corrections of 

(Schwarzschild) black hole entropy "without knowing the details of quantum gravity" ( Fur- 
saev). Namely, in our previous works we demonstrated that all well-known important ther- 
modynamical characteristics of the black hole (Bekenstein-Hawking entropy, Bekenstein en- 
tropy/surface quantization and Hawking temperature) can be effectively reproduced starting 
by simple supposition that black hole horizon circumference holds integer number of reduced 
Compton wave lengths corresponding to mass (energy) spectrum of a small quantum system. 
(Obviously it is conceptually analogous to Bohr quantization postulate interpreted by de 
Broglie relation in Old, Bohr-Sommerfeld, quantum theory.) Especially, black hole entropy 
can be presented as the quotient of the black hole mass and the minimal mass of small quan- 
tum system in ground mass (energy) state. Now, we suppose that black hole mass correction 
is simply equivalent to negative classical potential energy of the gravitational interaction be- 
tween black hole and small quantum system in ground mass (energy) state. As it is not hard 
to see absolute value of the classical potential energy of gravitational interaction is identical 
to black hole temperature. All this, according to first thermodynamical law, implies that 
first order entropy correction holds form of the logarithm of the surface with coefficient -0.5. 
Our result, obtained practically quasi-classically, "without knowing the details of quantum 
gravity" , is equivalent to result obtained by loop quantum gravity and other quantum gravity 
methods for macroscopic black holes. 



As it is well-known [1]-[11] there are different quantum gravity theoretical methods for de- 
termination of the thermodynamical characteristics, especially entropy and entropy correction, of 
the black holes (loop quantum gravity with different sub-theories, string theories with different 
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sub-theories, two-dimensional conformal symmetry near horizon, etc.). Surprisingly, practically 
all these methods yield almost equivalent final results. Or, as it has been pointed out by Carlip: 
" today we suffer an embarrassment of riches: many different approaches to quantum gravity 
yield the same entropy, despite counting very different states. This "universality" suggests that 
some underlying feature of the classical theory may control the quantum density of states." [1] 
Fursaev stated analogously: "In the last few years there also appeared a hope that understanding 
of black hole entropy may be possible even without knowing the details of quantum gravity. The 
thermodynamics of black holes is a low energy phenomenon, so only a few general features of the 
fundamental theory may be really important." [10] 

In this work, starting by simple, approximate (quasi-classical) methods presented in our pre- 
vious works [12]- [15], we shall suggest a simple determination of the (logarithmic) corrections of 
(Schwarzschild ) black hole entropy "without knowing the details of quantum gravity" (Fursaev). 
Namely, in our previous works we demonstrated that all well-known important thermodynamical 
characteristics of the black hole (Bekenstein-Hawking entropy, Bekenstein entropy /surf ace quan- 
tization and Hawking temperature) can be effectively reproduced starting by simple supposition 
that black hole horizon circumference holds integer numbers of reduced Compton wave lengths 
corresponding to mass (energy) spectrum of a small quantum system. (On the one hand, it is, ob- 
viously, conceptually analogous to Bohr quantization postulate interpreted by de Broglie relation 
in Old, Bohr-Sommerfeld, quantum theory. On the other hand, our method can be considered 
as an extreme, quasi-classical simplification and approximation of more accurate quantum gravity 
methods, e.g. Copeland, Lahiri string theoretical method [16], etc.) Especially, black hole entropy 
can be presented as the quotient of the black hole mass and the minimal mass of small quantum 
system in ground mass (energy) state. Now, we shall suppose that black hole mass correction is 
simply equivalent to negative classical potential energy of the gravitational interaction between 
black hole and small quantum system. As it is not hard to see absolute value of the classical poten- 
tial energy of gravitational interaction is identical to black hole temperature. All this, according to 
first thermodynamical law, implies that first order entropy correction holds form of the logarithm 
of the surface with coefficient -0.5. Our result, obtained practically quasi-classically, "without 
knowing the details of quantum gravity" , is equivalent to result obtained by loop quantum gravity 
[2] and other quantum gravity methods for macroscopic black holes. 

Firstly, we shall repeat our previous results. 

Consider a Schwarzschild black hole with mass M and corresponding horizon radius 

R = 2M. (1) 

Suppose that, for "macroscopic" (with mass many time larger than Planck mass, i.e. 1) black 
hole, at horizon surface there is a small (with "microscopic" masses, i.e. masses smaller than 
Planck mass, i.e. 1) quantum system. 

Suppose the following condition 

m n R = n-^-, for m„ <C M and n—1,2,... (2) 
2% 

where m n for for m n <C M and n = 1,2, ... represent the mass (energy) spectrum of 
given quantum system. It corresponds to expression 

2ixR = n — = n\ rn for m n <C M and n—1,2, .... (3) 
m n 
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were 2ttR represents the circumference of the black hole horizon while 

Kn = — (4) 

represents n-th reduced Compton wavelength of mentioned small quantum system with mass m n 
for n — 1,2, . Expression (3) simply means that circumference of the black hole horizon holds 
exactly n corresponding n-th reduced Compton wave lengths of a quantum system with mass m n 
captured at the black hole horizon surface, for n — 1,2, . Obviously, it is essentially analogous to 
well-known Bohr's angular momentum quantization postulate interpreted via de Broglie relation. 
However, there is a principal difference with respect to Bohr's atomic model. Namely, in Bohr's 
atomic model different quantum numbers n — 1,2, , correspond to different circular orbits (with 
circumferences proportional to n 2 = l 2 , 2 2 , ). Here any quantum number n — 1,2, corresponds to 
the same circular orbit (with circumference 2nR). 
According to (2) it follows 

1 1 

m 2 = n 7, — n = n ~A — 77 = nm i f° r m n "C M and n — 1,2,... (5) 

where 

m i = — 77 (6) 
47rM v ' 

represents the minimal mass (ground energy level) of the small quantum system. Obviously, m\ 
depends of M so that m\ decreases when M increases and vice versa. For a "macroscopic" black 
hole, i.e. for M > 1 it follows m 1 < 1 < M. 

It is not hard to see that quotient of M and m 1 represents Bekenstein-Hawking black hole 
entropy, i.e. 

S= — = AnM 2 = 4, (7) 
mi 4 

where 

A = AnR 2 = 16ttM 2 = AS (8) 

represents the black hole surface area. Obviously, it represents an interesting mechanical interpre- 
tation of the black hole entropy. 
Differentiation of (7) yields 

or, after simple transformation, 



dS = MMdM (9) 

dM = -^—dS. (10) 
Expression (10), representing the first thermodynamical law, implies that term 

T=J- = ^i (11) 

represents Hawking black hole temperature. Moreover, expression (11) points out that black hole 
temperature represents only one half of the minimal mass of small quantum system. Since given 
minimal mass represents difference between two neighboring mass (energy) levels, it means that 
black hole temperature cannot lift the small quantum system from some lower in the next, higher 
mass (energy level). 
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Further, by approximate changing of the differentials by finite differences, (9) turns out ap- 
proximately, in 

AS = 8nMAM forAM < M. (12) 

Now, assume 

Am = nmi for n — 1,2,... (13) 
which, according to (6), after substituting in (12), yields 

AS = 2n for n = l,2, ... (14) 

or, according to (8), 

AA = (2n)4 = (2n)2 2 for n = l,2,.... (15) 

Obviously, expression (14) and (15) represent Bekenstein quantization of the black hole entropy 
and horizon surface. 

In this way we have reproduced, i.e. determined exactly in a mathematically and physically 
simple way, three well-known most important characteristics of Schwarzschild black hole thermody- 
namics, Bekenstein-Hawking entropy (7), Hawking temperature (11), and Bekenstein quantization 
of the entropy (14) and horizon surface (15). 

Now suppose that gravitational interaction between black hole and small quantum systems 
implies effective increase of the black hole mass. Then, quasi-classically corrected black hole mass, 
in the simplest, first order, approximation can be, quite naturally, according to (1), (6), and (11) 
presented by 

M cor = M + ^p- = M + g-L: = M + T (16) 

where ^jp- represents the negative value of the classical potential of gravitational interaction 
between black hole and small quantum system in the ground mass (energy) state. Obviously, 
absolute value of the classical potential of gravitational interaction is equivalent to black hole 
temperature. It represents an interesting mechanical interpretation of the black hole temperature. 
Differentiation of (16) yields 

dM cor = dM \—rdM. (17) 

Suppose, further, that given gravitational interaction, in the first order approximation, does 
not change effectively the black hole temperature even if it yields non-trivially corrected black 
hole entropy S cor . 

Finally, suppose that for corrected black hole mass, entropy and (trivially corrected) temper- 
ature satisfy first thermodynamical law 

dM cor = TdS cor (18) 

that, according to (11), (17), yields 

dS cor = 8nM(dM - ^p)d M ) = SnMdM - ~^dM. (19) 
It, after simple integration, yields, 

S cor = 4ttM 2 - ln[M] = 4nM 2 - X - M^^] (20) 
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or, after simple transformations and according to (8), 

S cor = AtxM 2 - \ ln[16vrM 2 ] + \ 1h[16tt] = ^~\ H A \ + ^M16tt]. (21) 

As it is not hard to see our result, obtained, obviously, practically quasi-classically, "with- 
out knowing the details of quantum gravity", excellently corresponds to result obtained by loop 
quantum gravity [2] and other quantum gravity methods for macroscopic black holes. 

Finally, in conclusion, we can repeat and point out the following. In our previous works we 
demonstrated that all well-known important thermo dynamical characteristics of the black hole 
(Bekenstein-Hawking entropy, Bekenstein entropy /surf ace quantization and Hawking tempera- 
ture) can be effectively reproduced starting by simple supposition that black hole horizon circum- 
ference holds integer numbers of reduced Compton wave lengths corresponding to small quantum 
systems. Especially, black hole entropy can be presented as the quotient of the black hole mass and 
the minimal mass of small quantum system. Now, we supposed that black hole mass correction 
is simply equivalent to negative value of the classical potential energy of the gravitational inter- 
action between black hole and smallest quantum system. As it is not hard to see absolute value 
of the classical potential energy of gravitational interaction is identical to black hole temperature. 
All this, according to first thermodynamical law, implies that first order entropy correction holds 
form of the logarithm of the surface with coefficient -0.5. Our result, obtained practically quasi- 
classically, "without knowing the details of quantum gravity", is equivalent to result obtained by 
loop quantum gravity and other quantum gravity methods for macroscopic black holes. 
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